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^ (S7) Abstract: For impaling a layer a radiation beam is directed and focussed to a spot on the layer, relative movement of the layer 
W relative to the optical element is caused so that, successively, different portions of the layer are irradiated and an interspace between 
<N 3 S , Ur1aCe ° f th , e ° plical e,emem neares! lo lne ,a - ver is maintained. Furthermore, at least a portion of the interspace through which the 

Oradialion irradiales the spol on ihe layer is maintained filled with a liquid, the liquid being supplied via a supply conduit and flowing 
out of an outflow opening through a total projected cross- sectional passage area in a plane parallel to the layer. The outflow opening 
^ or a plurality of the outflow openings are positioned such that, seen in a direction perpendicular to the layer, the total cross-sectional 
w area has a cenire in the portion of the interspace through which the radiation irradiales the spol. 
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Method and device for irradiating spots on a layer 



PCTY1B2003/005708 



The invention relates to a method of irradiating a layer according to the 
introductory portion of claim 1 and to a device for irradiating a layer according to the 
introductory portion of claim 7. 

Such a method and such a device are known from WO-A-02/13 194. 
According to this publication, the described method and device are used for the 
manufacturing of an optically scannable information carrier. In such a process, first a master 
mold is manufactured, and then, by means of the master mold or by means of a daughter 
mold manufactured by means of the master mold, the information carrier is manufactured by 
means of a replica process. For manufacturing the master mold, a modulated radiation beam 
which is directed and focussed to a scanning spot on a photosensitive layer carried by a 
substrate by means of an optical lens system and the substrate and the lens system are moved 
relatively to each other. An interspace between the photosensitive layer and a nearest surface 
of a lens system facing the photosensitive layer is maintained filled up with a liquid. 

For moving the substrate relative to the lens system a table carrying the 
substrate can be rotated about an axis of rotation. By means of a displacement device, the 
lens system can be displaced with a radial directional component with respect to the axis of 
rotation of the table. A liquid supply means supplies the liquid into the interspace between 
the photosensitive layer and a nearest optical surface of the lens system. 

A problem of this known method and device is that the immersion of the 
successive portions of the layer to be irradiated is quite easily disrupted, for instance because 
the liquid is entrained away from the area of the interspace through which the radiation 
directed to the radiation spot passes when the layer and the lens move too quickly relative to 
each other. The immersion can also be disrupted due to important changes in the direction of 
movement of the lens and the layer relative to each other. The stability of the liquid film 
between the layer to be irradiated and the nearest optical surface of the optical element can be 
improved by making the distance between the layer to be irradiated and the nearest optical 
surface of the optical element very small. However, this entails that the device and in 
particular the lens nearest to the layer to be irradiated can easily be damaged in the event of 
contact between the lens and the layer moving relative to each other. 
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Another method and device for directing a radiation beam to a spot on a 
photosensitive layer are disclosed in JP-A- 102553 19. In accordance with this method a 
photosensitive layer is applied to a disc-shaped substrate made from glass. The table and the 
substrate are rotated about an axis of rotation extending perpendicularly to the substrate and 
the lens system is displaced, at a comparatively low rate, in a radial direction with respect to 
the axis of rotation, so that the scanning spot of the radiation beam formed on the 
photosensitive layer follows a spiral-shaped track on the photosensitive layer. The radiation 
beam - in this known device a laser beam - is modulated such that a series of irradiated and 
non-,rradiated elements is formed on the spiral-shaped track, which series correspond to a 
desired series of information elements on the information carrier to be manufactured The 
photosensitive layer is subsequently developed, so that the irradiated elements are dissolved 
and a series of depressions are formed in the photosensitive layer. Next, a comparatively thin 
aluminum layer is sputtered onto the photosensitive layer, which aluminum layer is 
subsequently provided with a comparatively thick nickel layer by means of an electro 
deposition process. The nickel layer thus formed is subsequently removed from the substrate 
and forms the master mold to be manufactured, which is provided, in the manner described 
above, with a disc-shaped surface having a series of raised portions corresponding to the 
desired series of information elements on the information carrier to be manufactured. The 
master mold thus manufactured can suitably be used in the manufacture of the desired 
information carriers, however, in general, a number of copies, so-called daughter molds are 
made by means of the master mold in a replica process. These daughter moulds are used to 
manufacture the desired information carriers by means of a further replica process, generally 
an injection molding process. In this manner, the required number of master molds, which are 
comparatively expensive, is limited. Such a method of manufacturing an optically scannable 
information carrier, such as a CD or DVD, having pit-shaped information elements by means 
of a master mold or by means of a daughter mold manufactured by means of the master mold 
is commonly known and customary. 

The interspace between the photosensitive layer and the lens of the lens 
system facing the photosensitive layer is filled with water. For this purpose, the known 
device is provided with an outflow opening, which is situated near the axis of rotation of the 
table. The water supplied via the outflow opening is spread, under the influence of centrifugal 
forces, substantially throughout the surface of the photosensitive layer, so that also the 
interspace is filled with water. Since water has a considerably larger optical refractive index 
than air, the provision of water in the interspace leads to a substantia] increase of an angle 
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which the rays originating fron, the radiation bean, and the optical axis of the lens system 

,on thephotosensitive layer is reduced considerably, so mat a much larger 
n^ber of .rrad.ated and non-irradiated elements can be fonned on the photosensitive layer 
and the mformabon carrier to be manufactured has a higher information density. 

Another example of an application in which the gap between a lens and a 
surface to be irradiated is maintained filled with a liquid are optica, imaging methods and 
apparatus, such as optical projection lithograpy, in which the spot formed by the radiation 
pro^d o„ to the surface forms an image or a partial image. Such a method and apparatus 
are descnbed m international patent application WO99/49504. 

A drawback of these methods and devices is that the liquid film formed in the 
.nterspace 1S not always reliably maintained fully and in homogenous condition during and 
after relive displacement of the lens and the surface parallel to the surface. As a result 
faults develop in the photosensitive layer. In addition, variations in the condition of the liquid 

^ rt 7T; elativem ~ 

exerted on the lens system. Since the lens system is suspended with a limited rigidity the 
v*ymg forces exerted by the liquid film cause undesirable vibrations of the lens system 
winch further disturb the precision with which the image is projected onto the surface ' 
Furthermore, a comparatively large quantity of liquid must be supplied to keep a liquid 
volume in place in the portion of the interspace through which the radiation passes. As a 
result, the known device must be provided w,th extensive measures to prevent undesirable 
contact between the liquid and otherparts of the device. 
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It is an object of this invention to reliably maintain the portion of the 
interspace between the optical surface nearest to the layer to be irradiated and that layer 
through which the radiation passes filled with liquid throughout a larger range of relative 
velocn.es and directions of relative displacement of the optical element and the layer 
It ,s another object of the invention to reduce the risk of damage due to 
unmtentional contact between the optical element and the layer to be irradiated 

According to the invention, these objects are achieved by providing a method 
accordmg to claim 1. Also according to the invention, a device according to claim 7 is 
provided for carrying out a method according to claim 1 . 
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The canal distributing supplied liquid longitudinally along the canal and 
dispensing distributed liquid towards the layer feeds the liquid as a layer. Accordingly, the 
portion of the interspace fulfilling an optical function can be maintained filled with liquid 
with less sensitivity to variations in direction and velocity of the movement of the lens or 
lenses and the layer relative to each other. 

That the method and the device are less sensitive to the velocity and direction 
of displacement of the optical element and the layer relative to each other and variations 
therein, is not only advantageous in the manufacturing of optical information carriers or 
molds therefor in which there are at most quite small variations in the direction of movement 
of the layer relative to the optical element, but also in other applications, such as optical 
imaging, and more in particular in for instance wafer steppers and wafer scanners for optical 
projection lithography for example for the production of semiconductor devices in which the 
direction of movement of the optical element relative to the layer is varied substantially when 
the wafer is stepped relative to the optical element to bring the optical element into a new 
position opposite the wafer for projecting the reticle onto a new spot on the wafer or for 
unrolling (scanning) the projected image of the reticle (mask) over a next area on the wafer. 
The spot is then formed either by the area of projection of the reticle onto the wafer or by the 
moving area of projection of a running, usually slit shaped, window portion of the reticle 
obtained by or as if scanning along the reticle in accordance with movement of the wafer 
relative to the optical element. 

Particular embodiments of the invention are set forth in the dependent claims. 
Other objects, features and effects as well as details of this invention appear 
from the detailed description of a preferred form of the invention. 



Fig. 1 is a schematic side view of an example of a device for directing 
radiation to a spot on a layer; 

Fig. 2 is a schematic, cross-sectional view of a distal end portion of a first 

example of an optical system for a device as shown in Fig. 1, of a layer to which the radiation 

is directed and of a liquid flow maintained in operation; 

Fig. 3 is a schematic, bottom view along the line HI-III in Fig. 2 

Fig. 4 is a schematic, cross-sectional view of a distal end portion of a third 

example of an optical system for a device as shown in Fig. 1, of a layer to which the radiation 

is directed and of a liquid flow maintained in operation; 
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Fig. 5 is a schematic, bottom view along the line V-V in Fig. 4; and 

Fig. 6 is a schematic top plan view representation of a wafer stepper/scanner 
for optical lithography. 



In the manufacture of an optically scannable information carrier, such as a CD 
or a DVD, a disc-shaped substrate 3 of glass (see Fig. 1) carrying a thin photosensitive layer 

Z Z ° fitS ^ SidCS " ^ 11,631,5 ° f 3 m ° dUlated radiation be - 7, for instance 

a DUV laser beam with a wavelength of approximately 260 nm. To irradiate the 

photosensitive layer 5, use is made of an example 25 of a device in accordance with the 
mvennon, which device is described hereinafter with reference to Figs. 1 -3. The radiation 
beam 7 is focused to a scanning spot 1 1 on the photosensitive layer 5 by an optical system 
according to the present example in the form of a lens system 9, including a plurality of ' 
optical elements in the form of lenses. The lens system 9 includes an objective lens 55, which 
is secured in a lens holder 57. The lens system 9 further includes a most distal lens 59, which 
is the one of the optical elements of the lens system 9 that is located nearest to the layer 5 
when m operation. An interspace 53 is maintained between the layer 5 that is irradiated and 
the one of the optical elements of the lens system 9 that is located nearest to the layer 5 The 
optical elements may also include other items than lenses, such as filters, shields, diffraction 
20 gratings or mirrors. 

The layer 5 and the lens system 9 are displaced with respect to each other so 
that the modulated radiation beam 7 on the photosensitive layer 5 successively irradiates 
series of spaced apart irradiated portions of the layer 5 and does not irradiate portions of the 
layer 5 m-between the irradiated portions. The irradiated photosensitive layer 5 is 
25 subsequently developed by means of a developing liquid, which dissolves the irradiated 

elements 13 and leaves the non-irradiated elements 15 on the substrate 3. It is also possible to 
provule that the irradiated portions are left while the non-irradiated portions are dissolved In 
both cases, a series of pits or bumps, which corresponds to the desired series of pit-shaped 
information elements on the information carrier, are formed in the photosensitive layer 5 The 
Photosensitive layer 5 is subsequently covered with a comparatively thin layer of for instance 
nickel by means of a sputtering process. Subsequently, this thin layer is covered with a 
comparatively thick nickel layer in an electro deposition process. In the nickel layer, which is 
eventually removed from the substrate 3, the pattern of pits formed in the photosensitive 
layer 5 leaves a corresponding pattern that is a negative of the pattern to be formed in the 
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information carrier to be manufactured, i.e. the master mold comprises a se W 

portions, which correspond to the series of pit _ shaped Cement Z e T" h 

layer 5 and to the desired seri^ r u pe ° e,ements foi ™ed m the photosensitive 

uie desired senes of pit-shaped information elements on the inform 
earner. The master mold i« tw a ^ . information 
moja is thus rendered suitable for use a« a • • • 

of the master mold is used as the mold for injection molding instead offiie ^ ° C ° Py 
which copy of the master • the master mold > 

manuJL by meTof 7 TT ^ '° " * «"-* * 

knownperse. ^-nstrnna^ replica process which is 

substrate 3. Tfie tabTe « Z t K * - — » and me 

^compT: : :™ y 3~r ekcam 

radiation scarce 33 ZZZ JZ , " ** *— * «* «* 

.emdiaHonsonmeTstdlC^ "^-^^O--™^ 

stntcture 39 inclndes a second,, . °" S "^ose, the flxst displacement 

^..ced eve, ai:;^:: r:;:rr: ymea " s of wuch - -™ - * 

relative ,0 the frame 3 7 ^ ""^ * * **-«- ~ * «-d 

A mirror 45 in line with an optical axis 40 n e n,. 1. 

to the first traveller 37 In ™. . . SyStCm 9 is 8150 ^urad 

st traveller 37. In operation, the radiation beam 7 generated huth. a- 

33 follows a radiation heam path 47 extending para„e, J 1 vT ™~ 
beam 7 is deflected bv the mi™, 4, ■ „ X-dnection, and the radiation 

system 9. n. ,aTl, J 9 Tb " °" *° ^ "** - 49 °™< «- 

of a focus JZTZ " " *" direCtiOT ° f ,B ° P,k " ■* « * — » 

» <ba. me rai: n :r 7 rr7 v T a " dis,anoes wi,h » - *- « 3. 

0fthefit*motor31 and th, t SOfrom ' m 29 » « eomparatively high speed by means 

of the second m„ "a, T ^ " ^ ^ '° **— * — 
mo,„r4, a„ comparatively lew spee d. so thatthe scanning sp„,„ where , he 
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radiation bean, 7 m «« layer f o „ 0ws . tacfc ^ fc 

le.vn* . M ofn.ania.ed and non-irradiated elenrente extending h ^ ^ ' 

spiral-shaped track. 

The device 25 ean suitably be used ,o manufacture mastermolds having a 
actively Wah taxation den Sity , i.e. by means of ae device 25> , ^ 

^'«^^de roiVi nc^ M d,e SC a^^ spotniss ^ lCTllesize y ofthe 
scan»,ng spot 1, is determined by the wavelength of the radiation bean, 7 and by tire 

of «. tens systen, 9, the numerical apertore depending upon ,„ e 
retiac ,ve ,„dex of the medium presen, between ,he .ens sya.em 9 and the photosensiL 
layer 5. The scanning spo, 1 1 is smaller as .he refractive index of the medium preeen, 
between the ,ens ays.cn, 9 and the pho.osenai.ive ,ayer 5 is targe, Lhpnds W cally have a 
much .arger optica, refractive index ti,an ah and Wore tire portion of ^ intespace 53 
between tirelens system 9 and tire pho.osenai.ive ,ayet 5 through which tire beam 7 extends is 
n— tilled with a h q uid - according .o titis exampte water. L, tire present exan,p,e 
water ,s also pariieuiarly suitabte because i. is teansparen. .o ,he DUV tadiation beam 7 used 
and .1 does no. attack the photosensitive layer 5. 

As shown in Fig. 1, tire device 25 according ,„ the prKe n, example further 
mcludes a l„uid mnrevaf sfnrefnre 77, which is provide* wi,h a pick-up moufh 79. The pick- 
up moufh 79 is secured onto a S ec„„ d 8I rf ^ ^ ^ ^ ^ ^ ^ 

by mcana of a acconti disptacemen. sfrncfure 83 of.be device 25 in a radia, direction wifb 
reapec, ,0 .he axis of rotation 29, according ,„ the preaen, exampfe paretic, to tire X-direction 
bu. another radial tiireetion of displacemen, n,ay be provided. Fo, driving «he diapUeenren, „; 
tire second haveUer „. tire second tiispfacemen. device 83 uprises a third eleotionretor 85 
com.ec.ed to tire second travetier 81 f„, displa ci„g ,hc scconti .raveller over , shaigh, guitie 
87, wh,ch ,s anached to .he tianre 35 and extends in tire directions of oisphreemen. of tire 
second traveller 81. 

In operation, the pick-up mouth 79 is displaced by means of the third motor 
85. The tmrd motor 85 is controlled so that the lens system 9 and the pick-up mouth 79 are 
contmuously situated at substantially equal distances R from the axis of rotation 29 of the 
substrate 3. In this manner, the pick-up mouth 79 is maintained in a position downstream 
from the lens system 9 where irradiated portions of the layer 5 pass, so that the liquid 
supplied at the .ocation of the lens system 9 is entrained by the rotating layer 5 to the pick-up 
mouth 79 where the liquid is subsequently picked-up from the photosensitive layer 5 by the 
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£217* 7 !' T" a,eris 

from d,« .enssyaem 9 , „ is suteantiallypra|uded ^ W(hai ^ 

fin* uawaybac* 10 ft einttrspace M> ft^^^ a dosed 

» 5 b „ peration , ae pick . up momh 79 . aIways at a djstmce J » - 

<he a*,s 29, bo* ,h. s i2 e aud ft. capaci«y. 0 f the pi 

comparatively small ,o remove liquid that has already been used. ■ 

■•• r ss ' 2md3show,famorede ' ai ' ,,he,e,,ssys ' en ' 9 - ti " s '' i '^^ l h a ,e 

ay .em 9. The ,ens 59 neares, ,„ .he !ayer 5 haa an apnea! anrface 63 facing me substiuft 3 
an nearea, ro me subsha,e 3. The ,en S es 55, 59 are suspended m a 
mcludes a fla, wa>« 65, which faces ,he ,ayer 5 and which suhsUn^y ex tB1 ds in an 
"^P l -~cu I ar to meop n ca,^„ ftoteJ9o ^ Mfte ^ 
anrface of me .ens system nearea, ,o me tayer 5, a racess 92 fceing ft. spot . 1 ,o which me 
.5 raftahon 7 is direced is provided. The anrface 63 of me ,ens 59 neJL ft e 

53 dnongh „h,ch the radiation 7 hradia.es me spo, „ . According to „, presen , ^ 
anrface 3 of dm .ens 59 nearos, ft ,he iayer 5 is concave so dr., me deepes, poin, oZ 
recess 92 ,a m me middie, however, ftis anrface may also be fla, or convex 

10 ° |KR " i0 "- P°«™ »f 'he in.ersp.ce 53 through which the radiadon 7 
spo, U on me iayer 5 is mainlined fined wi,h U,md 91. In me recess 92 ft. 
91 ,s a, leas, ,„ 8 „ m e ex**, p ro ,ec,eo agaius, being entire, from fte iuft^ S 3 ' 
Smce, fte h,„,d 9, is ,«s s susceptible ,„ being chained away flom fte poniou of Z 

oodcir, rf^" 8 * which *■ radiau ° n passes ,o *• spM - — — ««» 

optic, d,s,o rt ,„„ cuaed by ft. porton of fte inftrapace 53 ftrongh which fte ..dietion 
passes no, being completely filled wift liquid is ftns comderaced. 

ft ft ,• , M ° reOVer ' ,biSa " OWSt,KSma "«^°f»»i">« ! paee 53 measured parelle, 
o fte ophcd „ of ft. lenMS 55 , s9 „ h re , atjve , y ^ fc ^ ^ ^ P 

datnage ,„ fte ,ens 59 neares, ,„ fte ,ayer 5 M d fte aflowable .olerances on fte ,il, of ft. Iens 
can be larger wiftcu, increasing fte risk of fte lena 59 .ouchmg fte layer 5. 

The recess 92 may for insftnce be positioned and of such dimensions, so ft., 
only a porhon of fte mdiution passes ftsuugh fte re cess. However, for a particularly effective 
pro,ecuo„ of fiuuid 9, across fte whole radiadon beau,, i, is prefer Z fte rece^ 
„m pomou 93 Coses, ,„ fte layer 5, which exftuds around fte radiation 7 insisting fte spo, 



20 



30 



WO 2004/057590 

PCT/1B2003/005708 

9 

11. Accordingly, the portion ofthe interspace 53 in the recess 92 in w v k r 

hand, the mettnce should „, to raajn J^TJ °" ^ - 

be*veen the suterate 3 md J~- - *. «—» 

other tad, dd, distance shon,d no, be ,„„ large h ° US "' 8 «■ °° *• 

*>„ ,„ ^ inmiersed of r P «r of dir reqrare a 100 ,arge 

10 the radiation passes to the snotl, , ""P"""- tmerspace 53 through which 

has a ,ar 6 er visco^ ^ 

The smallest thickness ofthe interspace may be larger th„„ 
um, for instance larger than 15 am in 8 approximately 10 

<= Kirger man 15 Mm, 30 um or even 100 um to inrr M «. a. • 
tolerances. ' mcrease msensitivity to 

' ^ co„d i d„„^;c!:w; f ? ,,bbte h,he,iquid - 

opposite to the direction of relative movement of the htver 5 in th ^ 
margm of liquid upstream is formed which ensures A* ■ ' 

-he ,aU ofwhT^ ~' i0na ' .0 
y wnicn, seen jn a direction parallel to the optical axis «f a- i 
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passes ,„ the spo. U. Accordingly, the direction of movement of , he lay e r 5 and the lens 
anangenreo, 9 relative «o each other in .he are, of B e spo, „ can be varied sutaanually 
w*ou, dtsmpang comp,«e immersion of the poriion of the interspace 53 through which ^ 
spou , ,s nradrated. Even if «he ditecuon of movement of d,e layer 5 is varied subtly 

i ° wi11 m cover *• ^ •"■» « 

PO, ,s tnadtated. Nevertheless, areas of the outflow opening 90 around ,be beam 7 are 
located close ,„ the beam, so tha, superfluous weding of the layer 5 is limited. 

h- k «. a- ACC<>Rli ° S 10 PreSen ' eXam, " e ' ' he POrt " ,n ° f "» faK ^ 53 Unrrugh 
whtcb th. radta,ion 7 irradiates me spo, 1 1 is also canary l0 ca,ed reladve ,o me outflow 

openmg 90 ,o such an extent ma, dte «,ce 95 of litprid 9, fed iron, me outflow opening 90 

* *. 53 C ° mPlett,y "» P— ° f i»«-Pace 53 duough wMeh 

the rcdradon 7 tadia.es me spo, U, no, only while, in me position of me spo, n, the layer 5 
and *• « ■- « lens aystetn 9 move relative ,„ each omer in me direction indicated by me 

.5 ,nd, T "* diiecaon of °™ of ^ la - 5 - *• - 

9), but also whale, m me position of Ore spo, „, ft. layer 5 md lens system , move 
to each other in opposite direction. 

The more the direction of movement of the layer 5 and the lens system 9 
parallel to the layer 5 in the area of the spot 1 1 can be changed without disrupting the 
unmersipn of the portion 194 of the area 153 through which the radiation passes, the more 
-0 the de.ce ,s smtable for applications in winch the spot 1 1 needs to move over the surface of 
*e layer m w.dely varying directions, such as in imaging processes in which the spot is a 
two-dnnensional image projected to the layer 5. In such applications, the advantage of a 
comparatively large refractive index between the lens system and the medium between the 
lens system and the irradiated surface is that the image can be projected with a higher 
5 resolution, which in turn allows further miniaturization and/or an improved reliability. 

An example of such applications is optical projection lithography for the 
processing of wafers for the manufacture of semiconductor devices. An apparatus and a 
method for this purpose are schematically illustrated in Fig. 6. Wafer steppers and wafer 
scanners are commercially available. Accordingly, such methods and apparatus are not 
described in great detail, but primary to provide an understanding of liquid immersion as 
proposed m the present application in the context of such optical imaging applications 

The projection lithography apparatus according to Fig. 6 includes a wafer 
support 12 and a projector 13 having a lens assembly ,4 above the wafer support 12 In Fi g 
6, the wafer support 12 carries a wafer 15 on which a plurality of areas 16 are intended to be 
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Uta. by a beam projecting „ bnage or partiaI ^ ^ ^ „ 
18 operative* connected to fc projeclor 13 suppon ^ fc ^ 

dnecocn along spindlea 19, 20 driven by spindle drives 21. 22. Tie spmdle ^21, 22 ^ 
the scanner 1 8 are connected to a control unit 23. 

Usually one oftwo principles operation are applied in optical lithography. 
U .he so-ca led wafer SKpper raode , the ^ ^ , ^ ^ ^ 

on, one of Bra areas ,„ on the wafer 1 5. When tite reared exposure time has been reached 

e ,gh, earn ,s swrtched off „, obscured a„ d lhe wafer I5 js ^ by ^ 
21, 22 until a nex, area 16 of the wrfer is in the required position in fern, of the lens 
assembly 14. Dependen, on .he re,a,ivc positions of me exposod area and rhc nex, ama ,„ he 
exposed, thts may involve relatively quick movement of the lens assembly 14 along me 
surface of me wafer in widely varying direction, The size of me irtadiated spo, on me 
surface of me wafer in which me image of ,he reticle is project is „ about 20 x 20 
mm, bu, larger and smaller spols are conceivable. 

top ^ CUtewhOTilis < i ^'°ttianufacn J re te ger 5 emico K luc,oruni B , i , is 
ad^geous ,o pmjec, me image in ,he other mode, usuaUy re f OT ed ,„ as me wafer scanner 
mode, in ma, mode, only , sht-shaped portion of tia. mtide is projeced aa a ah, shaped spo, 
havmg a engUt dm, is Severn, (for insunce four or more times, times larger man i B widL 
an a,ea .6 on the surface of ,he wafer 15. A .ypica! siae for me spo, is for ins,ance 30 x 5 
mm,. Then, ,he reticle 1 7 to he scanned is moved a,ong me scanning window „hi,e me wafer 
support !2 ,s synchronously moved relative ,o me lens assembly ,4 under conhn, of me 
con.ro, - 23 with a velochy adap,ed so ma, o„,y me pmjecuon spo,, b„, no, me scanned 
pamal mmge portions of the reticle ,7 that are projected on the wafer move re,ative to the 
wafer , 5. Thus, ,he image of the reticle 17 is tiansfetred to an am, !6 of the wafer as 
successive portions W as me spo, p rogr e Sse5 over me wafer. The movement 
wafer 15 telative to me ,e„ s aasemb,y ,4 while a tunning window portion of ^ retic]e „ 
pmiected omo the wafer ,5 is usual.y canied „u, reUtively slowly and usually each time in 
he same enaction. After ,he comp,e,e image of a reticle ,7 has been pmjected onto the wafer 
15, me wafer , 5 ,a generaUy moved much more quickly relative to Ure ,en S assembly 14 ,o 
bnng a nex, ama of me wafer 15 whete a nex. image of me or a reticle ,7 is ,„ be projected in 
fton, of ,he lens assemb.y ,4. This movemen, is canned out in wide.y varying directions 
epende„,o„,here,ative positions of 0,e exposed area ,6„fthe wafer 15 and me nex, ama 
of tite wafer 15 ,„ be exposed. To be ab,e to recommence inadiating .he surface of the 
wafer ,5 after me displacemen, of , he wafer , 5 mlative ,o ,he ,«ns ,4 (i.e. a,so me lens or me 
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lens and the wafer may be moved), it is advantageous if the li quid volume in the interspace 
between the lens 14 and the surface of the wafer 15 through which the radiation passes is 
immediately filled with liquid after completion of that movement, so that the space is reliably 
immersed before radiation is recommenced. 

5 Also for optical lithography, water can be used, for instance if the radiation is 

hght of a wavelength of 193 ^ Howev£T fa some circumstances other ^ 

suitable. 

Returning to Figs. 2 and 3, since the recess 92 is bound by a concave portion 
of the surface 63 of the lens 59 nearest to the spot 1 1 on the layer 5 to which the beam of 
10 rad 1 at 1 on7 is directed, the advantages of having a recess 92 are combined with a relatively 

umform flow pattern throughout the portion 94 of the interspace 53 through which radiation 7 
passes to the spot 1 1 . In particular, a uniform pattern of flow velocity gradients in the 
interspace 53 is obtained. In turn, the relatively uniform flow pattern is advantageous to avoid 
inducing vibrations and for obtaining a continuous uniform supply of fresh liquid and thereby 
a uniform, steady liquid temperature. These effects are both advantageous for avoiding 
optical disturbance of the radiation beam 7. 

m Fig. 3, the dotted circle designated by reference numeral 94 indicates the 
penmeter of the portion of the interspace 53 between the lens 59 and the layer 5 through 
which the radiation beam 7 passes. 

For supplying liquid 91 to the interspace 53 between the lens 59 and the layer 
5 a hquid supply conduit 67 extends through the housing 61 and leads to an outflow opening 
90. According to the present example, the outflow opening 90 has the form of a canal 
structure in a surface 54, which canal structure 90 is open towards the layer 5, for distributing 
supplied hquid 91 longitudinally along the canal 90 and dispensing distributed liquid towards 
the layer 5. In operation, the liquid 91 is distributed by the canal structure 90 longitudinally 
along that canal structure and the liquid 91 is dispensed from the canal structure 90 towards 
the layer 5. This results in a relatively wide liquid trace 95 and full immersion of the portion 
94 of the interspace 53 through which the radiation beam 7 passes, even if the direction of 
movement of the lens system 9 and the layer 5 relative to each other parallel to the plane of 
the layer 5 is changed substantially. 

The canal 90 can have various forms. In the embodiment shown in Figs 2 and 
3, the canal is formed such that the outflow opening 90 is located outside the radiation beam7 
and extends around the portion 94 of the interspace 53 through which the radiation 7 
irradiates the spot 1 1. The cross 96 indicates the centre, seen in a direction parallel to the 
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optical axis of the lens system 9, of the total cross-sectional passage area of the outflow 
opening 90. 

The liquid 91 is preferably supplied at a pressure drop over the liquid between 
the canal structure 90 and the environment that is just sufficient to keep portion of the 
interspace 53 through which the radiation passes reliably immersed. Thus, the amount of 
water fed to the surface is kept to a minimum. 

Furthermore, when the liquid 91 is dispensed via a canal shaped outflow 
opening 90, the smallest thickness of the interspace 153 (in this example the distance 
between the layer 5 and the surface 54 of the wall portion 65) may be larger, without causing 
an undue risk of disrupting the immersion of the portion 94 of the interspace through which 
the radiation passes. Therefore, when the liquid is dispensed from a canal-shaped outflow 
opening 90, the displacement structure 27, 31 and the lens system 9 are preferably positioned 
and dimensioned for maintaining the smallest thickness of the interspace 53 in a range 
between 3 and 500 urn. 

The flow rate with which the liquid 91 is supplied is preferably such that it can 
be reliably ensured that a laminar flow with an essentially linear velocity profile and 
preferably a homogeneous Couette flow is present in the interspace 53. Such a flow exerts a 
substantially constant force on the wall 65 in which the canal 90 is provided and on the side 
63 of the lens 59 nearest to the layer 5. As a result, the liquid present in the interspace 53 
exerts substantially no variable liquid forces on the lens system 9. Such varying liquid forces 
would lead to undesirable vibrations of the lens system 9 and hence to focusing errors and 
positioning errors of the radiation beam 7 on the photosensitive layer 5. The flow is 
preferably free of air inclusions, so that the radiation beam 7 is not disturbed. 

In Figs. 4 and 5 a second example of a lens system 109 for devices such as the 
devices shown in Figs. 1 and 6 is shown. According to this example, the outflow opening 190 
downstream of the liquid supply canal 167 is also provided with a canal structure open 
towards the layer 5 (i.e. in the direction in which the beam 107 is directed), but has a 
different, rectangular shape when seen in axial direction of the lens system 109. An 
essentially rectangular shape is particularly advantageous for reliably immersing a 
rectangular area 194 of the interspace intersected by the radiation beam while maintaining a 
uniform liquid flow patter throughout the intersected portion 194 of the interspace 153, in 
particular if the movement of the lens system 109 and the layer 5 relative to each other is in a 
direction perpendicular to one of the sides of the rectangular canal structure 190. Such 
circumstances typically occur in optical projection lithography. 
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The recess 192 is bounded by a passage 195 in a wall 165 perpendicular to the 
ax* of the lens system 9 and a surface of the lens 159 nearest to the spot 1 1 and the surface 
of the lens 159 nearest to the spot 1 1 also bounds the portion 194 of the interspace 153 
through which the radiation 107 passes to the spot 1 1 . Accordingly, the lens 159 is 
effectively protected against damage due to inadvertent contact between the lens system 1 09 
and the layer 5 on the substrate 3. 
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CLAIMS: 



1. 



10 



A method of irradiating a layer including: 
d ^S»<i focussing a ^ 
least one optical element; 

causing relative movement of the layer relative to said at least one optical 
element so that, successively, different portions of the layer are irradiated and an interspace 
between a surface of said at least one optical element nearest to said layer is maintained; and 

mamtaming at least a portion of said interspace through which said radiation 
urates said spot on said ,ayer filled with a liquid, the liquid heing supplied via a supply 
conduit and flowing out of an outflow opening; 

characterized in that at least one outflow opening via which the liquid flows 
out is provided in the form of at least one canal open towards said layer, said canal 
debuting supplied liquid longitudinally along said cana, and dispensing distributed liquid 
towards said layer. M 

15 2. A method according to claim 1, wherein the canal or canals are positioned 

such that, seen in a direction perpendicular to said layer, the canals define a total cross- 
sectiona, area having a centre in said portion of said interspace through which the radiation 
irradiates the spot. 

20 3. A method according to claim 1 or 2, wherein a smallest thickness of said 

interspace is maintained at 3-1500 \im. 

4- A method according to any one of the preceding claims, wherein at least a 

portion of said liquid fills up a recess through which said radiation irradiates said spot. 



25 



5 - A method according to claim 4, wherein the recess has 



. a nm portion closest to 

sa,d layer extending around said radiation irradiating said spot. 
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6. A method according to claim 4 or 5, wherein said recess includes a concave 

portion of said surface of said at least one optical element nearest to said layer. 

7 - A de vice for directing radiation to a layer including: 

at least one optical element for focussing a beam of radiation originating from 
said radiation source to a spot on said layer; 

a displacement structure for causing relative movement of the layer relative to 
said at least one optical element so that, successively, different portions of the layer are 
irradiated and an interspace between said layer and a surface of said at least one optical 
element nearest to said spot is maintained; and 

an outflow opening for supplying liquid to at least a portion of said interspace 
through which, in operation, said radiation irradiates said spot on said layer, said outflow 
opening having a total projected cross-sectional passage area in a plane perpendicular to an 
axis of said radiation beam; 

characterized in that the at least one outflow opening is formed by at least one 
canal open towards said layer, for distributing supplied liquid longitudinally along said canal 
and dispensing distributed liquid towards said layer. 

8. A device according to claim 7, wherein the outflow opening or a plurality of 
the outflow openings are positioned such that, seen in a direction parallel to said axis of said 
radiation beam, said total cross-sectional area has a centre in said portion of said gap through 
which the radiation irradiates the spot. 

9. A device according to claim 7 or 8, wherein said displacement structure and 
said recess are positioned and dimensioned for maintaining a smallest thickness of said 
interspace at 3-1500 um. 

1 0. A device according to any one of the claims 7-9, wherein a recess is provided 
in a surface facing said spot, an internal surface of said recess bounding at least said portion 
of said interspace through which said radiation irradiates said spot. 

11. A device according to claim 1 0, wherein said recess has a rim portion closest 
to said layer extending around said portion of said interspace through which, in operation, 
said radiation irradiates said spot. 
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12. A device according to claims 10 or 1 1, wherein said recess includes a concave 

portion of said surface of said at least one optical element nearest to said spot. 
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